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I am sorry we did not get to see you st Lansing. Ve had origimally tentatively

Planned to go as is indisated By the titles we submitted bBut ve found that we had
relatively little time after our Celorade $rip and furthermere that we would have to
drive around Chicaso on Labor Day in order to make the meeting. The airplane schedules
«ore limited on account of the holiday and even the more crowded and we weren't adle to
get satisfactory reservations. I am heping that there will be an oppertumity for a triv
and visit during the time that you indicated., However, 1 cannot make any definits nlans
Just yet Decanse of the uncertaiaty shout when the remodsling of our ladboratory will
begin and any traveling that I do hinges uwpon that. I will let you kmow what
vousibilities, if sny, should materinlisze,

1 vas interested in your comments about the cancer meeting and my owa gensral impressions
are consistent with yours altheugh perhups not so extreme, I think there are a numder
of workers who are making useful appliestions of genetic concepts in the fleld, for
exsnple, Ted Hodbra., It'e hardly their fault 1f the transplsated tumor cells don't
always display completely familiar behavior and it is indeed rather remarkable to see
how plastic the ghromosome content o¢f tumor cells can be and remain consistent with the
viability of these ¢slle. This is something that was quaite a shoek t0 me when I

listened to those meetings on the Ascites tumors in New York, If you are going into the
matter of tumer agent scresming in any large way, ! wvanld eerteinly recommend thst you
gat in touch with Ted Hoshtra who is now net very far awsy from you in Buffele =t the
Roswell Fark Mamorial Imstitute. I believe you asked me once to sugeest the names of any
other possidle consultants who might be adle to give you backeround matarial that was
outside the reslm of my own competence snd [ use that as Justification for Bringing ur
his neme,

I etill eannot szree with you that the somatic matation thesry of cancer i{s comnletely
outy It seoma to me stll]l entirely vossible that the firet event, a trigser to the

chain of svents leading to the development of the malignant tumor, is anr crdinary sometic
mutation. “‘nee the tissue cell has achieved o cert:ain anatomy and repid zrowth rate one
mizht naturally axvect, as one would in any population of mierooreanisms, subsequent
changes to occur sporadieally and in the ravidly growing cells of the tumor which were
selected for antibaseterial sctivity etc., that is charsgteristics of metaatatic tumor celle,
that ie to say, the initisl event conld atill very well be a somatic mutation of a kind
which in » wvay releases the cell from its internc]l and extesrns]l comtrols, It is guite
soparent that there are many deep-sented genetic changes taking vlace lster on of which
the amaploid variastions in chromosome sumber are the most obvious and the most drammtie.
Thie may have importsnce omly insofar as one might be somevhet less discouraged about
nreventing the initial step of tumor formation if it were not a somatic mutation.

Tou comaented on the use of transplantsd tumors in screening testes for chemothersreutie
agents in cancer, ‘hatever gomment I would mdd would make very little difference esince it
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is not sasy te sse %t ths present tine what alternative systems could be ueed for
sereening purposes. It {s gquite obvious that a tumor which has been transplaated for
any mumber of generations has Besn subjected to the most rigorous selectica for its
2bility to survive the shock of transplantation, mew envirommeat and vhat net asd in
turn might be expested tc de somevhat mere resistant to interference from chemo-
therapeutic azents administered to the animal. On this bBasis it might be advisadle to
use for tests of chemotherapeutie activity tumor lines of not very greatl antiquity.
George Xlein hae commented that 1% is nov possidle $to preservs iscites tumor suspensions
by freeging and this might be a useful lead in the development of the standerdised
inocula for tests of therapsutic agents. I really don't see how you can gonceiwvadly
get avay from the use of Aransplanted tumers and the cuestion will then come about what
is the most seansidle type of tumor to use in the same therapeutic sgents. I'm sure
that Ted Hoshtra would e much more kmowledgadle on snch matters since he's working on
that kind of material and I only read abeut it.

1 was impressed by your report on the adeption of the notion of alkalating agents as

e common faetor in chemotherapsutic and radiomynetic activity. 7This is a point that
has bdegome incressingly odwiocus with the work of the British group at the Chester Hedey
Caneer Lab in London bat I was interested to hear that 14 hnd Been 50 gemerally
adopted. Of course I was using the wvork alkalating in a2 more general cense, I don't
know what other terms to use that woeuld include both substitutlions ¢f alkyl and aerial
and acetyl groups vhich for present purposes are eguivaleni.

I agree with you that it wonld be guite useful to continme to look for radiomynetic
sgenta vertionl:rly thosa of aatural origian. The very fast that they can be produced

by scme kind of livimg oells would be at leant prelimimary svidance that they have some
sors of specifieity in their action which probadly would be less likely to de true in
reagents like acetylohloride which in priacipal have the game kind of Base sffeat., It
ssens to me in fact rather remarkable that an agent with such potency would be a

netural produst and one wondera what meghanism the produciag orzanism hsd %o protect
iteelf ageinst such a compound as asaserine, Do you have any ideas about that since this
guestion may eventually becoms of great importance aprime to developing the bases for
differentinl toxiclity by such ssents,

It vossidly will remain true that none of thase reagents will be able to co anything
that I-rays cannot. The one hope that yeu might have is to develop some ether hanrdle
on these reagents that will zive them a certnin ameunt of differsntial activity, With
regard to their relationship hetween the effecis eof these compounds on X-radiations, it
seems t0 me that ar entirely plausible case has already bdeen duilt un for the roll of
peroxyl or similar Sypes of derivatives in the mediation of X-ray metivity and 1 am a
l1ittle bit survrised that there have not besan more rveports on the systhesis and teasting
of various ¥inds of organic peroxides for this type of behavior. How s2ome 5f thesge
peroxides are of course highly unstable and almost explesive but others are relatively
stadle in acueons solution. I would think this is something your chemistry group might
be interested to think about unless of course I've simply overleeked a large body of
wvork that may have bBeen done in this direction. It seems to me there is every reasen
to expeet that this type of compound will be as useful in radiemynetic action as wounld
any of the other reagents that have deen proposed.

I am sorry that you had euch a disappointing result on the comparative resistance of
strains B and B/r. I wonder did you check on these strains with ultraviolet light %o
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see 1f they fit the originsl deseription that Witkin gave of them? I have the
impression but I can't document it that some voricers have foumd that these sirains

in their hands are no longer as divergent im the irradiation survival as they
originally had been, Yhether or met it will be femsidle t¢ reiselate suitsdle
irradiation-resistant veriants is an open question. ! agree with you that the questien
of correlated resistanes in these radiation-resistant strains has heen a sewevhat
muddled one and thers has never been a very satisfactory explanation. I agree

equally that {% is very unlikely that these are ¢oincidental effects but after all they
conceivadly could be considering that the mutants are always selegtive in the presence
of mutmngens., To my mind it is mach more likely thmt the straine are siomply cusulative,
spontansous mutations in this rather lenz time during which they bad besn maintained
separately from one ancther. Ia any svent the levels of differential resistance which
were described are, a8 [ reeall, rather slight and incoastant from ome strain o
another and I think can probadly ds igmored altogether, The more important question ia
precisely vhat tschnique to use in differeatisting the %wo. [ am not surprised that
inhibition rones would give a very poor differentiation for the reason that the
diffusion and inhibition z0ne technicus sets up a very asharp concentration gradians

80 that there might de expectsd Lo be very litile difference in the diametsr of the
gones even for rather different effective thresholds of sctivity, In such a case it
night be more advantageous to compare strains by means of a gradiant plate technigue
vhich gives you a much more zradually spread out gradiant concentration of the agent.
After all the use of inhibition szones is Based on the wery faect that at the bYoundaries
ef the sone thers is a very rapid change in the conceniration of the reszent that is
diffusing from the genler., Since the two strains would he compared side dy side on e
single gradiant plate it wonld seem to me thet this could De quite a workadble procedure
although it would not lend 1tself to guite the masy seale of testing that a diffusion
zrone teehnique would, In the leong rua I would suspest that a éifferential inkibition
test of this kind would be much more feasible for you than one dased for exmmple on the
indnetion of becteriovhagre sad I will be very surprised indeed 1f there turm out to be
any serious diserepampies in the range of compounds that weuld have the radiomynetic
effects in these two systens, *

You also brought up the possidility of using the induction of petit colony variante as

a screening procedurc. Fundamentally I think this would be a wholesems and nroductive
idea but I am very dublous adbout the possidility of setting up a sereeaning rrocedure
that would be useable on such a large scale basis. One gannot really rely upon coelony
size as a oriterion of this petit colony change despiie the mame thet is given to it and
you will note 3hat im all of the publications on this question, Prusesy always says that
a sarple of colonies was tested by using the knotty reagent or seme such procedure. One
of my students has been setively interested in this system 30 we can spesk with a certain
amount of experience. I suspeot {f you were screeaing for the inductiom of vetit
colonies it would be necessary to expoee your population of wild type yeast 1z licuid
medium to the action of the agent and then %o plate this populstion out which would mean
using a variety of diluntions on account of the varisble smount of Rilling thet might

be expected and then combining doth a colony sise inspestion with a sampling for tests
of oxidative activity either with knotty reagent or with a simplified phenol resd acstate
medium that lLindengren desoridbed a few months ago in the Jourmal of Basterioclogy, 2
technique which,by the way, ve have found to be very useful. This sounds rather too
lsborious for » routine sereening im the firet event Dut 1t is something that might very
well be worthwhile te leok into on a selected group of antidiotics once you had them,

How I have %o tell you that a very wide range of reagents has this petit-indueing activity.
In the first place they do oceur spoataneously but in most strains at a relatively low
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rate. aeriflavin was among the first reagents to be tested and nlmost sll the work
that Prussey has dons has been with that. However, we have fouad, akin with o
number of other investigators, that uliraviolet light is also a very ncstive resgent
for produging petits, Finally there have been stattered reports that such $things

as X-rays, higher temperature, triphenyltetrasclium chloride and I thiak, bt I'm
not coertaia, nitrogen mustsrd, were slso highly efficient in produsing petis
varizats. One possibdle advantage of the petit system is that there is already some
svidence that the scops of reagents which will hawve that petivity is sven wider than
the usual radiomynetic reagents but for the woment I would bYe culte discouraged about
earrying out that kind of a we¢reening on any large scale for preliminary screening
purpeses, It would be worth giving the matter seme thought since this would be 2 new
dimension of diclegical activity of chemical agents,

Of She screeaing proposals that might be apropos to your aims of finding rediomynetic
agents, I thiak the ones that already havs heen menticned nre the cutstanding candidates.
They would be: (1) differemtisl bdetween 3 and B/r or similar radiation-resistant
matants, (2) differential survival of haploid and dpleid yeast and (3) induction of
lrsogenic Bactoria, A fourth possibility would be the induetion of sasily scored
mytotie or sometic segregens of heterozygous yeast. Mr, Right, my student who is
working with yeast, will be making some ywmast diploids which are heteresygous for a
recessive red pigment character and these might be particularly useful for this
latter purpose. 1If it does appear that these diploide are vhite and that they give
rise to appreciable numders of red segragens with moderste des=e of UV light then we
will send them om to you. I will aleo have ready some hapleid and dinloid yemsts if
you wonld care to test them to see if they have appreciadle differentials in their
response to UV light., They are supposed to aceording to the literature but I don's
know if 1t will be enough to mait your purposes. Again I think s rradiant vlate
technicque will be almost sesentisl in assaying any chemlieal reagent. If the dipleid
is not sufficiently different from the hapleid it might be very well worthwhile to

try to obtain some tetraplold strains of yesst which,for example, Roman, at the ¥, of
Washington in Seattle, has been working on and which are reputedly much more radiation—
resistant than the divloid. 1In any event I think the preliminary triale of these
scresning systems should de done both on the dasis of differential sarvival and on the
basis of some sort of gradiant plate assay. Unless the latter can be effectively
worked up however, I can foresee thet you will have some diffieunlty in large-scale
applications.

As feor the uee of the Wl4ES5, L.e., lembia-sensitive SR indicator system, I will jJust
have to walt to hear from you how that works out. I would dy the way appregiate your
send ing me back the 14858R g0 that we can keep it in cur ewn stock for similar
purposes, Ye had simply never bothered to prepare that partiounlar sirain since we ¢&id
have some others whieh however hud a mumder of other irrelevant markers,

Hers by the wvay e s tip for pickiag up lytic effects. Ye have noticed that bacteriml
lysis i{s accomparied by very considerable hemolysis on blood agar. It seems to me jJust
gonceivable that you could mix a fairly small number of washed lysogenie streviomycin-
sensitive becteria together with 14883R in excess and plate these on & dlood agar base.
On such a base you might coneceivably ot a very dramatic effect of UV light if this

will induce even a fairly smsll preportion of the lysogenioc bacteria. In effeot this
produces plagues on the lambda-sensitive bacteria in the bmekground dut these plazues
can be very greatly sccentuated by the use of dlood agar and as a matter of fmet I might
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tell you that Wik85 iteelf had been isolsted originally by a plating of strain ¥12
on bloos agay which had been exposed to UV light., It was noticed that there were
some colonies that were gziving hemolysis and when these were picked and replated it
was found that the hemolysis was due to the reinfection of some sensitive colonies
which had bdeen induced by the UV light, The dlood agar we used was, I delieve, the
ordinary 10% or so of either bovine or eguine blood; I assume that humsn red ocells
would do Just as well.

Sinee I nssume that your aim is to avoid having to use & fairly elaborste dilution
technique in order %o estimate the numder of free virus particles that are produced

it might even be possible to adapt this hemclytic reaction for the assay of phage
perhans something along the following lines although we have never actunlly tried 1t.
The lysogenic bacteria might be growa in the presence of or subsequedly treated with
an unknown reagent at a certain concentration im liquid medium, Affter s time is
allowed for the release of phage in thet system, the dacteria perhape might bBe spun
down. The supernate might then aimply be mixed with 2 standard mizture of strentomycin-
rosistant, lambda-sensitive bacteria, that {s the 1485SR, plus 2 suspension of dlood
in nutrient bBroth plus stireptomyein and incubated for a standard peried of time, The
amcunt of phage liberated in the first teet might then be roughly measured by the
amount of hemolysis in the dloed tubes., It may turn out i{n the long rum that this
would be even more elaborate than some kind or other of plating methed. On the other
hand this may suggest te you other ways eof srude preliminary tests for massive amounts
of induction. Next to a B vs B/r resistance differential, I would suspect the
induetion technigue would be your best Det, If anything more practicsl occurs to me
about using yemst in these systems, I will let you know and we will in any event send
you some haploid and diploid strains,

The effect of soriflavia is probably a pretty general one ia yeast, the msin trouble

is to find strains whieh don't already have a rather high rate of formation in petite
or straine in which the stock cnltures are not already petits themselves. This is

by no means rare., I do agree that there 1is at least 2 hyrothetical analogy between
the removal of the respirstory plasmlds in the formation of petit Yeasts and chepmo~
therapy of viruses., This analogy is approximstaly s2s clomnse a2s that of the
disinfection of chloreplasts in such orzznisms as Tuglena and here agein is something
if you were really going to go far afield, which 1 suspect you are not, you mizht want
to think about, Were you acquainted with this, Joe, that ia, that such szente as
strevtomycin are capadle of bleaching Zuglens 80 that you get the nlga without {ts
chleroplasts! This was descrided Wy Provosole, Hutner and Pitmer in the 1941 Cold
Spring Harbor Sympseium., It has not been the sudjeect of much work since. As far as

I ¥know, strevtomycin is the only chemical resgent that has this effect althongh with
some straine heating $o high temperatures is capable of differentially insctivating the
chloroplast. I do mot know if there have deen any experiments on mertypically radio-
mynetic azents. If you could get yourself set up for the culture of ITuglena this
probably would not bBe too diffieult a test to runm since it would Just de primarily a
matter of microscepic examination of Iuglens cells to see if they had become bleached
under the conditions of treatment. Just on the romote poseidility you haven't run into
this kind of story I have a discussion of disinfection exveriments of this general kind
in a 1952 review in Physiological Reviews of shich I think I have sent you = reprint
vat I am not sure.

0f 211 the things we have talked about, I am perhaps most plessed at your interest in
this question of substituting for the enteries flora bdecause I think there is » tremendous
opening for researech, maybe toe iremendous, for a limited attack but 1 don't know that
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anybody else is really goling inte 1%, This is the kind of thing for wvhich gern-free
animale would be very sultadle axperimental materials bHbut uafortunately the developers
of that technique sesm 0 have sat on their hind legs and not done any other
experiments with §t.

I hope I did mot give you t0o many mis-impressions sbout this oceceurrence of Serratia
in the 1ittle girl, This infant had not been under any antibdiotic therapy at all and
$he reason that I pointed out this cmse was that this was a strain thet appareatly was
able to implant ftself in competition with other enterie organismas even $o the exclusion
of B, goli snd without any appareat harmful effect on the child at all. 1 would think
that such s strain having been isolated under conditions that would seem to minimize
the possibility of tts pathogenicity and carrying the distinctive coler marker, the
enlture might indeed de very useful as s test organism in replacement types of
experizents. It probabdly wonld be necessary to at least try to make various kinds of
antibiotic-resistant mutante from this strain in order %o use them ia your sort of
experiment, There would be the advantage of the red color on the platings. I am not
sure in fact that the pigment wvould be of any seriocus comseguence sven in a2 practical
application should any Justification for this appear since it will be apvarent only

in infants on their diapers snd probadly will not give very much trouble with ordinary
svacuations. It is abvious that a tremendous amcunt of prelimimsry research would have
to de done dut I would sugzest that this organism is as good ss any., ¥We will send you
this strain along with the other materials that I mentioned. Several months later dy
the way thies little girl wse still excreting this particular organissm only as a very
small vroportion of her total fecal flora.

Joa, I'm sorry that the very last part of the first record that you just sent was
completely zasrdled. I thimk somsone else must have come into the office at the time,
at any rate nothing much came through the microphone., You had just started to say that
you had read the Simontl article but I missed completely everything you told me about
Felix's interest in the Actinomycetes and in the Penicillium so I may have to get that
back again from you.

Tours singerely,

Joshua

JLtilg



